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Abstract 
 
Plant Growth Regulator Sprays and Girdling:  
Potential Horticultural Techniques to  
Increase Fruit Retention and Yield of Longan (Dimocarpus longan Lour.) Trees in 
California 
 
Leila Graves 
 
June 2009 
 
 
The longan is a subtropical fruit tree whose popularity is growing quickly among American 
consumers, and thus, could become a lucrative niche market for California growers. Trees 
planted as part of an initial variety trial conducted in commercial California orchards are 
beginning to bear fruit. However, fruit retention and yields are low due to excessive abscission 
during early fruit set. Horticultural techniques, such as plant growth regulator (PGR) sprays and 
girdling, often increase fruit retention and yield of fruit tree crops, though effects are typically 
dependent on treatment timing and PGR concentration. The objective of this study was to 
identify PGR and girdling techniques that result in increased longan fruit retention. The 
experiment was conducted in a commercial orchard using a randomized complete block design 
with whole-tree experimental units and five replications per treatment. Treatments included 
foliar applications of two synthetic auxins, 1-naphthaleneacetic acid (NAA) at 20, 60, or 100 
ppm or 2,4-dichlorophenoxyacetic acid (2,4-D) at 5, 25, or 45 ppm, each applied during early or 
late fruit set. Girdling was also conducted at early or late fruit set, for a total of 15 treatments, 
including an untreated control. Factors examined at harvest included fruit number and mass per 
inflorescence and individual fruit mass and diameter. During the on-crop year, a significant 
increase in the number and mass of fruit per inflorescence was observed in response to 25 ppm 
2,4-D applied at late fruit set, as compared to the control. Despite this increase in fruit number, 
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25 ppm 2,4-D applied at late fruit set did not result in decreased diameter and mass of individual 
fruit. Late fruit set applications of 25 ppm 2,4-D appear to mitigate the effects of alternate 
bearing in the off-crop year. Fruit abscission during early and/or late fruit set decreased in 
response to 5 ppm 2,4-D at early fruit set, 25 or 45 ppm 2,4-D at early or late fruit set, or 100 
ppm NAA at early fruit set. Fruit loss occurred as a result of Santa Ana winds during both 
growing seasons. Neither leaf nor fruit nutrient concentrations of treated trees were significantly 
different from that of untreated controls. Results indicate that properly-timed PGR applications 
have the potential to be used commercially to increase yield and profit to longan growers in 
California. 
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Chapter One 
Introduction 
Origin, History, and Value 
The longan, Dimocarpus longan Lour., is a subtropical evergreen tree (Subhadrabandhu and 
Stern, 2005) producing one of the largest agricultural commodities from the Sapindaceae family, 
second to litchi, Litchi chinensis Sonn (Huang et al., 2005). The longan is indigenous to southern 
China, Myanmar, and possibly southwest India and Sri Lanka (Tindall, 1994) and wild longan 
trees that produce small, unmarketable fruit still grow throughout these areas (Huang et al., 
2005). Morphological studies of longan pollen suggest that the longan’s center of origin is the 
Yunnan Province of southern China (Ke et al., 1994). 
 
Detailed agricultural practices of longan production in China are on record as early as 116 BC 
(Huang et al., 2005). It was not until the 1800’s that longans were grown commercially outside 
of China. By the end of that century, the crop was being cultivated in Thailand, India, Sri Lanka, 
Myanmar, the Philippines, Cuba, the West Indies, Madagascar, and Australia (Huang et al., 
2005). Longans were brought to Hawaii and Florida within the last 100 years (Menzel et al., 
1989). 
 
The litchi and longan are economically important to China, the countries of Southeast Asia, and 
to a lesser extent, India, and Sri Lanka (Huang et al., 2005). The majority of production occurs in 
China and Thailand. The largest longan industry is in China, with 937,500 t produced on 410,000 
ha in 2008 (United States Department of Agriculture [USDA], 2008a). In 2007, cultivation of 
150,240 ha of longan in Thailand resulted in the production of 495,000 t of longan fruit (Office 
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of Agricultural Economics, 2009). Though longans have been grown in Australia for more than 
100 years (Huang et al., 2005), the majority of plantings were established within the past 15 
years and yield 300 to 1000 t (Nicholls, 2001) on approximately 200 ha (Food and Agriculture 
Organization [FAO], 2000). Production of longan in the United States is limited to Florida and 
Hawaii, with commercial orchards typically less than 20 years old (FAO, 2000). Cultivation of 
longan fruit in Florida is estimated to occur on 111 ha, yielding 2.1 billion kg and worth nearly 
$9 million (Florida Agricultural Market Research Center, 2009). Less than 5% of United States’ 
cultivation occurs in Hawaii, with 119,295 kg produced on 65 ha for a farm gate value of 
$784,000 (USDA, 2008b). Commercial production of longans in California is limited to 
experimental plots (Ventura County Cooperative Extension, 2009). A better understanding of the 
specific cultural methods required for successful production of the longan as a California niche 
crop is needed. 
 
Commercial Uses 
Longan fruit are typically marketed fresh, dried, or canned (Huang et al., 2005). Fresh longan 
fruit have a shelf-life of 2 to 4 weeks, provided they are stored at the appropriate temperature 
(Lin et al., 2001). Bruhn (2002) stated that chilling injury can occur at 5 to 15°C but Thompson 
(2002) asserted that storage and transportation temperatures between 0 to 2°C with 85% to 95% 
RH are optimal for preventing postharvest injury. Heat injury occurs when longans are stored at 
temperatures above 40°C (Bruhn, 2002). Irradiation, heat, controlled atmosphere conditioning, 
and/or pesticides are used to inhibit the growth of disease-causing organisms, including bacteria, 
yeasts, and fungi, known to result in the postharvest decay of longans (Holcroft et al., 2005). 
3 
 
Sulfur dioxide treatments are used to prevent decay of longan fruit, in addition to preventing 
browning of the pericarp (Han et al., 2001). 
 
Originally, longans and litchis were processed by drying, a method developed in China (Huang 
et al., 2005). Consumption of dried fruit is largely limited to Southeast Asia but future markets 
for dried longans are thought to exist in Europe and North America (Huang et al., 2005). 
Published studies of drying methods have focused primarily on litchis, though longans are 
processed by similar methods. The traditional method for the drying of litchi fruit is to place 
them in the sun for 30 to 40 d with fruit separated from the panicles for the last 10 to 20 d (Zee et 
al., 1998). However, drying in the sun results in highly variable quality; oven-drying under 
controlled temperatures is currently the preferred method (Huang et al., 2005). To maintain 
quality, dried litchis are washed in boiling water, fumigated with sulfur dioxide, dipped in 
hydrochloric acid, and rinsed in tap water (Galán and Menini, 1989). 
 
A small percentage of longans are canned. This industry exists primarily in China, Taiwan, 
Vietnam, and Thailand (Huang et al., 2005). Longans are high in sugar, thus making it possible 
to can them in their own juice (Zee et al., 1998). Additional processing methods include freezing 
and the production of juice, wine, ice cream, preserves, and yoghurt (Huang et al., 2005). 
 
Flower and Fruit Development 
Longan flowers have not been studied extensively, though they are described as being 
botanically similar to litchi flowers (Davenport and Stern, 2005). Longan and litchi both have 
three flower types, male 1 (M1), female (F), and male 2 (M2), that are morphologically and 
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functionally different from one another (reviewed in Davenport and Stern, 2005). All flowers are 
yellow-brown with five small petals. M1 flowers have eight hairy stamens with two-lobed 
anthers. The pistil contains two ovules that are not fully developed, thus making the flower 
functionally male. The F flower has a bifurcated stigma and an ovary with two carpels, each 
containing a single ovule. Typically only one of the locules of the longan ovary develops as the 
fruit matures, though doubles can occur. F flowers are functionally female, having anthers that 
typically do not contain viable pollen or dehisce. M2 flowers have stamen similar to those of M1 
flowers but the pistil includes two functional ovules. M2 flowers are functionally male because 
the lobes of the stigma do not separate, thus preventing pollination. All three flower types have 
functional nectar discs and honeybees (Apis spp.) are required for successful pollination 
(Davenport and Stern, 2005). 
 
Longan flowers are borne on determinate inflorescences up to 30 cm in length (Davenport and 
Stern, 2005). All three flower types are present on each inflorescence and open sequentially; M1 
flowers open first, followed by F flowers, with M2 flowers opening last (Davenport and Stern, 
2005; Zee et al., 1998). Each inflorescence produces approximately 300 to 400 flowers (Stern, 
2005). Within an individual inflorescence, there is little overlap between flower types 
(Davenport and Stern, 2005). However, pollination of F flowers is possible because the rate of 
development of flowers and inflorescences varies both within and between trees (Davenport and 
Stern, 2005). The position of litchi flowers within an inflorescence and the sequence of flower 
openings are similar to that of longan (Robbertse et al., 1995). Though the ratio of female to 
male longan flowers has not been studied extensively, the sex ratio of litchi flowers varies 
greatly within the inflorescence and at the whole-tree level, as well as with cultivar, geographic 
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location, and environmental conditions (Davenport and Stern, 2005). Flowering lasts for 
approximately 1 month in longan (Subhadrabandhu and Yapwattanphun, 2001) and litchi 
(Davenport and Stern, 2005). 
 
Alternative litchi flowering patterns have been reported in which the M1 flowers are absent. F 
flowers open first, followed by M2 flowers. This pattern of flowering has been associated with 
tree age, a lack of flowering in previous seasons, and girdling (Davenport and Stern, 2005). 
Additionally, if flowering is initially unsuccessful, a second floral flush with only F and M2 
flowers might be produced; inflorescences of this second flush often have a higher percent fruit 
set than that seen under typical, early-season growing conditions (Mustard et al., 1953). 
 
The longan fruit is a drupe (Subhadrabandhu and Stern, 2005) with a leathery pericarp and a 
single aril that typically contains one seed (Stern, 2005). Investigations into the growth of longan 
fruit conducted on several cultivars have been reviewed by Stern (2005). Fruit growth occurs 
over 140 to 170 d and follows a sigmoidal pattern. At the end of a lag phase of approximately 50 
d, fruit mass is composed primarily of peel, pericarp, and seed. The aril then grows rapidly for 
approximately 60 d, stretching the peel and pericarp; seed maturation also occurs during this 
time. Aril growth continues for the next 30 to 60 d. Final fruit size ranges from 5 to 20 g in mass 
and from 1.2 to 3.0 cm in diameter. 
 
Fruit abscission rates of both longan and litchi are high, with only 20% and 5% of flowers setting 
fruit, respectively (Stern, 2005). The majority of longan fruit abscise within 3 weeks of 
fertilization, with a second, smaller period of fruit abscission 1 to 2 months before harvest (Zee 
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et al., 1998). Litchi fruit abscission is also characterized by heavy, early fruit abscission and 
limited preharvest drop; this pattern has been described in detail by researchers working in 
several countries (Chadha and Rajpoot, 1969; Chang, 1961; Joubert, 1986; Mustard et al., 1953; 
Stern et al., 1995). Early fruit abscission of litchi occurs in two waves (Stern et al., 1995; Yuan 
and Huang, 1988). Fruit abscised in the first wave have unfertilized embryos; without successful 
fertilization, retention of these fruit is not possible. The second wave of litchi fruit that abscise 
during early fruit abscission contain successfully fertilized embryos. 
 
Environmental Factors and Cultural Methods Affecting Longan and Litchi Reproductive Growth 
and Development 
Floral initiation and inflorescence and fruit development of longan and litchi are controlled by 
light intensity and temperature. Growth and development can also be manipulated by cultural 
methods such as girdling and foliar applications of plant growth regulators (PGRs). Both longan 
and litchi are described as having comparable growing requirements and are produced using 
similar cultural methods but few published studies focusing solely on longans are available. 
 
Light 
Though longan and litchi are day neutral with respect to flowering (Davenport and Stern, 2005), 
the reproductive growth and development of both species are influenced by light intensity. 
Leaves located immediately below longan and litchi inflorescences are the source of most of the 
carbohydrates required for fruit growth, though some carbohydrates are synthesized from sugar 
stored translocation from other branches (Menzel, 2005). If CO2 fixation decreases in these 
leaves, assimilates can be drawn from more distant sources (Menzel, 2005). Decreased light 
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intensity can reduce photosynthetic productivity of source leaves and reduce fruit production 
(Menzel, 2005). The effects of reduced light intensity on shoot extension and leaf expansion 
were evaluated during a study of litchi seedlings (Hieke et al., 2002). Seedlings were grown in 
full sun with a photosynthetic photon flux density (PPFD) of 1080 µmolm-2s-1 or were exposed 
to artificial shade treatments of 20%, 40%, or 70% sun exposure with maximum PPFDs of 500, 
900, or 1400 µmolm-2s-1, respectively. Seedlings grown in maximum shade were significantly 
shorter and had approximately half the total mass of those grown in full sun. 
 
During a series of experiments, Yuan and Huang (1988) demonstrated that exposure of fruiting 
branches to light is critical during early development of litchi fruit. Individual branches were 
shaded to decrease light interception by 90%. Shading for 7 d at full bloom or 3 weeks after full 
bloom decreased fruit production by 76% or 64%, respectively as compared to the control 
branches exposed to full sun (Yuan and Huang, 1988). Thus, light intensity is a limiting factor in 
litchi fruit production, possibly reducing yields in climates characterized by overcast periods 
during bloom (Menzel, 2005). 
 
Temperature  
The longan and litchi are dependent on temperatures above 10°C for proper vegetative and 
reproductive growth and development (Menzel and Paxton, 1985). Both species are frost 
sensitive; vegetative growth is damaged at air temperatures between 0 and 2°C and the trunk and 
tree will die if the air temperature drops to -2 to -4.4°C or less for any extended period (Huang et 
al., 2005; Morton, 1987; Zee et al., 1998).  
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Above 10°C, the rate of vegetative growth of litchi increases rapidly with moderate increases in 
temperature. Menzel and Paxton (1985) grew litchi seedlings under cool or warm day/night 
temperature regimes (15/10°C or 25/20°C, respectively) and then increased temperatures to 
20/15°C or 30/25°C, respectively. This 5°C increase in temperature resulted in a 4.5-fold 
increase in leaf and stem dry weights and a 2.5-fold increase in root dry weight under both 
temperature regimes. Optimal shoot production has been reported to occur at temperatures 
between 20 and 35°C, with optimal leaf elongation at 35°C (Batten and Lahav, 1994).  
 
Reproductive growth of longan and litchi is also affected by temperature. Both species need low 
temperatures for flowering. Litchi flower initiation requires temperatures of 14 to 20°C for 6 to 8 
weeks (Menzel and McConchie, 1997; Nakata and Watanabe, 1966; Zee et al., 1998). Though 
specific chill requirements for longan flower initiation appear to be unpublished, the species is 
described as requiring less chill than litchis (Zee et al., 1998). Temperature also affects the sex 
ratio of male to female flowers, with the production of female flowers being favored by lower 
temperatures (Menzel and Simpson, 1988). 
 
In addition to floral initiation, other aspects of litchi reproductive growth are also affected by 
temperature. In a study of two litchi cultivars, Stern and Gazit (1998) found that ovule and pollen 
development and in vivo pollen germination were typically successful at temperatures between 
17 and 27°C, though temperature optima were cultivar dependent (Stern and Gazit, 1998). 
Temperatures of 32°C can result in sterile pollen and ovules of ‘Floridian’ litchi (Stern and 
Gazit, 1998). High temperatures are also reported to result in increased fruit abscission after fruit 
set (Menzel and McConchie, 1997). 
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Girdling 
Girdling, ringing, and cincturing are horticultural techniques that temporarily limit movement of 
sugar and other substances by removing or restricting the phloem (reviewed in Goren et al., 
2004). Girdling is used as a common method of improving fruit yield by increasing flower 
production and/or enhancing fruit set (reviewed in Goren et al., 2004). 
 
Litchi branches can be girdled in autumn to increase flowering in the spring. In China, autumn 
girdling has been shown to significantly increase flowering, fruit set, and yield in ‘Nuomici’ 
litchi by more than 50% as compared to the control (Li and Xiao, 2001). Girding has also been 
used to promote flowering under non-inductive temperatures. Young (1957) found that the yield 
of ‘Brewster’ litchi trees girdled in September in Florida was approximately double that of 
control trees. Later girdles (in October or November) were less effective at increasing yields than 
early girdles (Davenport and Stern, 2005). This is likely due to the fact that sufficient chill for 
floral induction occurred prior only to the later girdling treatments (Davenport and Stern, 2005). 
Girdling of longan trees has been used experimentally to promote flowering (Wu et al., 2000).  
 
Girdling after flowering has also been utilized by Yuan and Huang (1988 and 1991) to study 
source-sink relationships of litchi. Fruit retention was increased in response to the girdling of 
fruiting branches of ‘H-1224’ (Yuan and Huang, 1988 and 1991). Menzel (2004) reported that 
girdling in Australia 1 month after fruit set increased yield of ‘Tai So’ litchi 3-fold as compared 
to the control. In the same experiment, girdling branches of ‘Kwai May Pink’ and ‘Wai Chee’ 
litchi increased yield by 35% as compared to control branches (Menzel, 2004). No reports of 
using girdling after flowering to improve longan fruit set appear to have been published. 
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Menzel (2004) has suggested that increases in litchi and longan production in response to 
girdling should be possible. However, commercial use of this technique on these crops is limited, 
possibly because lasting effects on the health of trees are unknown (Menzel, 2004). For example, 
girdling the same branch two years in a row is thought to be detrimental to litchi tree health 
(University of Hawaii, 2002). 
 
Girdling results in changes in the allocation of assimilates within the tree. Root growth is 
decreased due to inhibition of the flow of sugars and auxin from leaves to roots (Lomax et al., 
1995). The results of both field and laboratory experiments by Huang (2002) demonstrated that 
the transport of 14C-photosynthates to the roots was inhibited by shoot girdling of litchi. It was 
also reported that carbohydrate concentrations were higher in fruit on girdled litchi trees than on 
non-girdled trees. The author concluded that the increase in fruit set in response to girdling was a 
result of the elimination of fruit-root photosynthate competition during fruit set. 
 
Girdled litchi trees often fail to produce M1 flowers (Nakata, 1956). This shift to a higher ratio 
of M2 to F flowers could explain, in part, why girdled litchi branches are more likely to set fruit. 
Increased rates of pollination and fertilization might occur because M2 flowers produce more 
pollen grains than M1 flowers (Stern, 1992 and Costés, 1988) and M2 pollen tubes are more 
likely to reach the embryo sac than M1 pollen tubes (Stern and Gazit, 1998). Other conditions 
resulting in the alternative flowering pattern in which only M2 and F flowers are produced can 
also promote increased fruit set (Mustard et al., 1953). 
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Manipulation of PGR Content 
Abscission is controlled by the interaction of endogenous PGRs (Burger, 2003). Though the final 
stages of abscission are controlled be ethylene, the vitality of the cells in the abscission zone is 
dependent on auxin (Burger, 2003). The sink strength of many fruit is also dependent on auxin 
content, which is particularly high in the seed (reviewed in Ozga and Reinecke, 2003). 
Developing fruit that have low auxin concentrations grow more slowly than those with higher 
auxin concentrations and are more likely to abscise (reviewed in Bangerth, 2000). 
 
Litchi seeds produce auxin during the first months of fruit development (Ji et al., 1992) though 
seedless cultivars have low auxin concentrations as compared to seeded cultivars (Xiang et al., 
1994). Litchi fruit that abscise in the second wave of abscission are characterized by a decline in 
the concentration of the endogenous auxin, indole-3acetic acid (IAA) (Stern et al., 1995). In one 
of the few published studies on longan PGR content, it was reported that auxin levels decrease 
during both the first and second waves of abscission of fruit set (Zhou et al., 1999). 
 
PGRs are often applied exogenously to fruit trees to manipulate vegetative and reproductive 
growth in order to increase yields (Southwick, 2003). The second wave of litchi fruit abscission 
can be reduced by applications of synthetic auxin derivatives but proper timing, chemical 
structure, and application rates are critical for increasing marketable yields (Stern et al., 1995; 
Stern and Gazit, 1997; Stern and Gazit, 1999). The synthetic auxin, 2,4,5-trichlorophenoxyacetic 
acid (2,4,5-T) increases litchi fruit set at a relatively wide range of concentrations (35 to 100 
ppm) but effectiveness is dependent on cultivar and timing of application (Prasad and Jauhari, 
1963; Stern and Gazit, 1997; Stern et al., 2001; Xu, 1962). Treatments resulted in increased fruit 
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set and mass if 2,4,5-T was applied during early fruit set (4 weeks after anthesis of F flowers), 
whereas treatments applied earlier failed to result in any increases (Stern et al., 2001). Mean fruit 
mass was reduced in response to higher concentrations or multiple spray applications (Xu, 1962). 
The use of 2,4,5-T in the United States was banned in 1979 upon discovery that it contains the 
highly toxic dioxin, 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCCD) (Smith, 1979). Therefore, other 
synthetic auxins, such as 1-naphthaleneacetic acid (NAA) and 2,4-dichlorophenoxyacetic acid 
(2,4-D), are required in the United States for improving fruit set with PGR applications. 
 
NAA is used commercially to influence fruit set, increase fruit size, and decrease preharvest drop 
of many fruit tree crops (Southwick, 2003). Applications of NAA have been used to inhibit litchi 
vegetative growth, resulting in increased floral induction, thereby increasing fruit production 
(Davenport and Stern, 2005). Effects on flowering and fruit development are minimal when 
NAA is applied to litchi trees during conditions that promote vegetative flushing (Mustard et al., 
1956). Increased retention of developing litchi fruit can also be achieved with appropriately 
timed applications of NAA. When applied during early fruit set, 10 ppm NAA resulted in a 
significant increase in fruit set as compared to untreated control trees (Yuan and Huang, 1991). 
Fruit set was further increased when branches were girdled prior to NAA applications (Yuan and 
Huang, 1988). Fruit retention of ‘Purbi’ litchi has also been reported to occur with applications 
of 10 ppm NAA during fruit set (Hoda et al., 1973). Applications of 10 to 100 ppm NAA applied 
at late fruit set to litchi resulted in a more than 70% increase in fruit set as compared to the 
controls (Prasad and Jauhari, 1963). 
2,4-D 
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Properly timed applications of 2,4-D can be used to decrease mid- and late-season abscission of 
several fruit tree crops (Gianfagna, 1990). When applied a few weeks after petal fall, 2,4-D can 
be used to increase citrus fruit set (Coggins, 2003). For example, premature fruit drop in lemons 
can be prevented by applications of 25 ppm 2,4-D (Stewart and Hield, 1949). Applications of 15 
ppm 2,4-D also result in increased litchi fruit set (Hoda et al., 1973); the most effective 
application time is 2 weeks after bloom (Huang, 2002). 
 
Though the use of PGRs and girdling to improve litchi fruit set is well established, these 
techniques have not been researched or utilized effectively with longan. Taken together, these 
studies suggest that properly timed exogenous PGR applications or girdling could be used to 
manipulate the reproductive growth of longan, thereby increasing yields. Longan variety trials 
have been established in California, with the aim of marketing the fruit as a high-value niche 
crop but management techniques need to be developed for successful longan production in 
California on a commercial scale. The horticultural use of both exogenous PGRs and girdling 
provide two possible strategies for increasing fruit set. Therefore, the objective of this study is to 
identify PGR and girdling regimes to increase longan fruit retention, thereby increasing yield and 
profits for California growers. 
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Chapter Two 
Materials and Methods 
 
Field Site and Experimental Design 
This study was conducted during the growing seasons of 2007 and 2008, using bearing, eight 
year-old ‘Kohala’ longan trees in a commercial orchard in Somis, CA. (lat. 34°15’N, long. 
119°01’W; elevation 126 m). Trees were planted 4.5 m from trunk to trunk within and between 
rows in raised beds and irrigated with micro-sprinklers. The experiment was conducted using 
whole-tree experimental units in a randomized complete block design (RCBD) with five 
replications per treatment. Trees were blocked by row, which were orientated parallel to an 
adjacent Eucalyptus camaldulensis Dehn. windbreak (Fig. 1). 
 
 
Fig. 1. Longan field site with Eucalyptus windbreak. 
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Twelve foliar PRG treatments were utilized. Trees were sprayed with 2,4-D (Citrus Fix; 
AMVAC Chemical Corporation; Los Angeles, CA) or NAA (Fruitone; AMVAC Chemical 
Corporation) at one of three concentration rates (5, 25 or 45 ppm or 20, 60 or 100 ppm, 
respectively). Two application times were used: early fruit set (23 July 2007 and 7 July 2008) or 
late fruit set (13 August 2007 and 1 August 2008), for a total of 12 PGR treatments. Girdling was 
accomplished with a Vaca girdling knife (Wenatchee, WA) that removed a 0.64 cm strip of bark 
from a scaffold branch of tree not sprayed with PGRs (Fig. 2). There were a total of 15 
treatments, including an untreated control. 
 
Fig. 2. Vaca girdling knife used to girdle longan scaffold branches. 
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Flowering, Fruit Set, and Yield 
Longan reproductive development was measured quantitatively and qualitatively from bloom to 
final fruit collection of both years. During 2007, two branches with at least three inflorescences 
were subsampled on each tree to study fruit development before treatment application and at 
harvest. Data collected included fruit number and estimated diameter. In 2008, the trees appeared 
to be in an off-crop year and up to three inflorescences per tree were subsampled whenever 
available. Additional determinations of fruit number were made in September, October, and 
November of 2007 (control trees only). In 2008, inflorescences were counted on all study trees 
and the number and diameter of fruit on each subsampled branch were determined approximately 
monthly during set. At each data collection period, observations were also made to determine 
evidence of phytotoxicity and to verify that all the girdling cuts healed. At harvest, fruit from all 
subsampled branches were collected and measured to determine mass and diameter. Fruit set was 
determined by counting the number of fruit per inflorescence on each subsampled branch and 
diameter was determined using a caliper. During the 2008 harvest, fruit were also collected and 
measured from all nonsampled inflorescences of each study tree. In 2008, trees in the two blocks 
adjacent to the windbreak had low vigor and few inflorescences, resulting in numerous trees with 
0% fruit set and/or no yield. Statistical analyses of 2008 yield data were, therefore, conducted 
using only three blocks. 
 
Tree Nutrient Status 
 
Twenty hardened leaflets from each of two leaves were collected at a height of 1.5 m from 
branches distributed uniformly around each tree. Leaves were removed approximately 1 month 
before early fruit set (19 May 2007 and 26 June 2008) from non-flowering, terminal, spring 
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vegetative growth. Spring leaf samples and fruit collected at harvest were dried in a forced-air 
oven at 87°C and sent to Fruit Growers Laboratory (Santa Paula, CA) for mineral nutrient 
analysis. 
 
Weather Conditions 
 
Weather data was downloaded from the California Irrigation Management Information System 
(CIMIS) website (California Department of Water Resources, 2008). Daily wind speed, 
precipitation, solar radiation, and maximum, minimum, and average air temperatures were 
obtained from the closest coastal station, Camarillo # 152 (lat. 34°13’N, long. 118°58’W; 
elevation 45.72 m). There were no statistically significant differences between the two study 
years for any of these observed variables (Table 1). Wind gusts measurements for 2007 and 2008 
were obtained from the National Oceanic and Atmospheric Administration station, Camarillo 
Airport # 23136 (lat 34°22’N, long. 119°08’W; elevation: 83.5 m) (NOAA, 2009). 
Table 1. Weather conditions at field site in 2007 and 2008. 
zProbability value of paired t test comparison of yearly means. 
 
Statistical analyses 
Statistical analyses were conducted using Minitab (Minitab Inc., State College, PA). Treatment 
differences were detected by analysis of variance (ANOVA) and Dunnett’s two-tailed t tests at α 
≤ 0.05. Paired t tests (α ≤ 0.05) were used to compare yearly means.  
 Temperature (°C) Precipitation (mm)       RH (%)     Wind Speed (m·s-1)  
Year Maximum  Minimum  Average   
2007 21.86 9.11 15.09 11.1 68.17 1.53   
2008 22.45 9.33 15.53 23.1 66.83 1.59   
Pz   0.16 0.47   0.09   0.16   0.40 0.33 
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Chapter Three 
 
Results and Discussion 
Results 
None of the treatments resulted in phytotoxicity and all of the girdling wounds healed. Only a 
few significant differences were detected for any measured variables in either study year. In 
2007 and 2008, girdling and NAA applied at early or late fruit set did not result in significant 
changes in number and mass of fruit per inflorescence as compared to the control (Tables 2 and 
3). Individual fruit mass and diameter were also not significantly affected by girdling and NAA 
treatments in 2007 (Tables 2 and 3). Applications of 2,4-D at early fruit set did not result in 
significant differences in any of the measured variables as compared to the control (Table 4). A 
significantly higher number of fruit per inflorescence and fruit mass per inflorescence as 
compared to the control were observed in response to 25 ppm 2,4-D applied at late fruit set in 
2007 (Table 4). This effect was equivalent to a more than 2.5-fold increase in number of fruit per 
inflorescence and a nearly 3-fold increase in fruit mass per inflorescence. Late fruit set 
applications of 25 ppm 2,4-D also resulted in significantly higher fruit diameter but did not 
significantly affect individual fruit mass (Table 4). No other 2,4-D applications resulted in 
significant differences in the measured variables as compared to the control in either year (Table 
4), though in 2007, all treatments resulted in numerically larger number and mass of fruit per 
inflorescence as compared to the untreated control (Tables 2-4). 
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Table 2. The effect of girdling applied at early and late fruit set on the number of longan fruit per inflorescence, fruit mass per 
inflorescence, fruit mass, and fruit diameter. 
Year   Treatment 
Fruit per 
inflorescence   
(no.) t testsz 
Fruit mass per 
inflorescence 
(g) t tests 
Fruit mass   
(g) t tests 
Fruit diameter 
(mm) t tests 
2007  Untreated control   9.88  40.34  4.13  16.90  
2007  Girdled at early fruit set 17.66 NS 68.32 NS 3.85 NS 18.33 NS 
2007  Girdled at late fruit set 10.84 NS 40.97 NS 4.17 NS 16.63 NS 
              
2008  Untreated control   8.43  54.33  6.51  21.03  
2008  Girdled at early fruit set   6.67 NS 45.86 NS 8.14 NS 20.88 NS 
2008  Girdled at late fruit set   9.69 NS 66.27 NS 6.38 NS 23.90 NS 
           
 
 
 
zMean separations within column for each year by Dunnett’s t tests, with NS as  nonsignificant at P = 0.05.
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Table 3. The effect of NAA applied at early or late fruit set on the number of longan fruit per inflorescence, fruit mass per 
inflorescence, fruit mass, and fruit diameter. 
Year   Treatment 
Fruit per 
inflorescence 
(no.) t testsz 
Fruit mass per 
inflorescence  
(g) t tests 
Fruit mass 
(g) t tests 
Fruit diameter 
(mm) t tests 
2007  Untreated control   9.88  40.34  4.13  16.90  
  
 
        
2007 
 
 
NAA (20ppm)  
     early fruit set 11.09 NS 49.99 NS 4.34 NS 18.01 NS 
  
     late fruit set 16.95 NS 66.48 NS 3.70 NS 16.93 NS 
2007 
 
 NAA (60ppm)  
     early fruit set 17.54 NS 82.92 NS 4.91 NS 16.85 NS 
  
     late fruit set 13.75 NS 53.16 NS 3.71 NS 17.20 NS 
2007 
 
 
NAA (100ppm)  
     early fruit set 16.92 NS 73.75 NS 4.00 NS 18.15 NS 
  
     late fruit set 15.23 NS 56.06 NS 3.69 NS 17.26 NS 
2008  Untreated control   8.43  54.33  6.51  21.03  
           
2008 
 
 
NAA (20ppm)  
     early fruit set   4.67 NS 43.34 NS 5.67 NS 23.08 NS 
  
     late fruit set   7.31 NS 54.05 NS 3.78 NS 21.77 NS 
2008 
 
 
 NAA (60ppm)  
     early fruit set   8.61 NS 68.27 NS 7.92 NS 20.70 NS 
  
     late fruit set   6.61 NS 30.03 NS 5.63 NS 23.42 NS 
2008 
 
 
NAA (100ppm)   
     early fruit set   6.56 NS 65.09 NS 8.38 NS 24.18 NS 
  
     late fruit set   4.44 NS 29.74 NS 6.74 NS 22.17 NS 
zMean separations within column for each year by Dunnett’s t tests, with NS as  nonsignificant at P = 0.05.  
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Table 4. The effect of 2,4-D applied at early or late fruit set on the number of longan fruit per inflorescence, fruit mass per 
inflorescence, fruit mass, and fruit diameter. 
Year   Treatment 
Fruit per 
inflorescence   
(no.) t testsz 
Fruit mass per 
 inflorescence  
(g) t tests 
Fruit mass 
(g) t tests 
Fruit diameter 
(mm) 
t 
tests 
2007  Untreated control   9.88    40.34  4.13  16.90  
           
2007  2,4-D (5ppm)         
       early fruit set 17.24 NS   66.96 NS 4.10 NS 16.99 NS 
       late fruit set 10.92 NS   44.74 NS 4.11 NS 17.49 NS 
2007  2,4-D (25ppm)          
       early fruit set 10.52 NS   43.40 NS 4.17 NS 17.12 NS 
       late fruit set 26.22 * 116.44 * 4.06 NS 18.50 * 
2007  2,4-D (45ppm)          
       early fruit set 13.59 NS   51.39 NS 3.85 NS 16.40 NS 
       late fruit set 12.88 NS   51.10 NS 4.04 NS 16.57 NS 
2008  Untreated control   8.43    54.33  6.51  21.03  
           
2008  2,4-D (5ppm)         
       early fruit set   6.05 NS   62.75 NS 5.29 NS 21.32 NS 
       late fruit set   5.67 NS   39.06 NS 6.92 NS 22.44 NS 
2008  2,4-D (25ppm)         
       early fruit set   5.67 NS   25.95 NS 7.69 NS 20.72 NS 
       late fruit set 10.78 NS   73.71 NS 7.02 NS 20.25 NS 
2008  2,4-D (45ppm)         
       early fruit set   7.75 NS   73.71 NS 5.75 NS 23.44 NS 
       late fruit set   5.58 NS   38.51 NS 6.00 NS 22.49 NS 
zMean separations within column for each year by Dunnett’s t tests, with NS, * as  nonsignificant or significant at P ≤ 0.05, 
respectively. 
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The trees appeared to be alternate bearing, with 2007 being an on- crop year and 2008 being an 
off-crop year. Fruit number and mass per inflorescence were significantly higher in 2007 than in 
2008 (P ≤ 0.001 and 0.01, respectively). Individual fruit mass and diameter were significantly 
smaller in 2007 than in 2008 (P ≤ 0.001). 
 
During 2008, the 75 study trees had only 9.2 ± 0.9 inflorescences per tree. Of the 86 
inflorescences monitored during the growing season, 23% set no fruit. Of those that retained fruit 
to harvest, three patterns of fruit abscission could be detected: (1) fruit number was largely 
unchanged through early and late fruit set (20 or 100 ppm NAA at late fruit set) (2) abscission 
continued through late fruit set (untreated control, girdling at early or late fruit set, 20 ppm NAA 
at early fruit set, 60 ppm NAA at early or late fruit set, or 5 ppm 2,4-D at late fruit set) or (3) 
fruit set increased during late fruit set (5 ppm 2,4-D at early fruit set, 25 or 45 ppm 2,4-D at early 
or late fruit set, or 100 ppm NAA at early fruit set) (Fig. 3). 
 
Diameter increased linearly over time at a rate of 0.12 mm·d-1 (measured in 2008 only), though 
treatments did not appear to have an effect on the rate at which fruit diameter increased (Fig. 4). 
At early fruit set, fruit were approximately 3 mm in diameter. At late fruit set, prior to the second 
treatment applications, fruit diameters had nearly doubled to approximately 7 mm. Fruit diameter 
continued to increased rapidly, with fruit diameters reaching approximately 20 mm by 
November. 
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Fig. 3. Number of fruit per inflorescence during the 2008 growing season, including early fruit set (EFS), late fruit set 
(LFS), and during the Santa Ana winds. 
24 
 
 
 
Fig. 4. Longan fruit diameter during the 2008 growing season. 
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After late fruit set, few fruit abscised from any study trees until autumn (Fig. 3). Conditions 
characteristic of Santa Ana winds occurred in October, November, and December of both study 
years. In October 2007, maximum air temperatures often reached 26 to 37 °C, with a continuous 
61 h period of 7 to 25 m·s-1 wind gusts. In November and December 2007, there were two 9 h 
periods of wind gusts of 10 to 35 m·s-1. Additionally, three squalls ranging from 49 to 67 m·s-1 
were recorded between 28 Nov and 5 Dec 2007. Number of fruit per inflorescence decreased by 
54% ± 0.16% on monitored control trees between 17 Sept. 2007 and 7 Dec. 2007. Santa Ana 
conditions also occurred in 2008. In 2007 and 2008, average RH was below normal (19% and 
24%, respectively) during these periods. In October 2008, wind gusts ranging from 8.9 to 21 m·s-
1 took place over an 11 and 16 h period with maximum air temperatures ranging from 23 to 34 
°C. Five days with Santa Ana wind gusts of 8 to 21 m·s-1 occurred in November and December 
2008. Fruit loss occurred during these periods (Fig. 3), though there was no significant difference 
in percent fruit loss between treated trees and untreated controls (P = 0.05). Orchard visits 
confirmed that fruit loss occurred during these periods of Santa Ana winds. 
 
Leaf macronutrient and micronutrient concentrations from treated trees were not significantly 
different from those of untreated control trees in either study year (Table 5 and 6). However, leaf 
nutrient concentrations differed significantly between the two study years (Tables 5 and 6). Leaf 
nitrogen (N) concentrations were higher in 2007 than in 2008, whereas leaf nutrient 
concentrations of phosphorus (P), potassium (K), calcium (Ca), copper (Cu), boron (B), zinc 
(Zn), and iron (Fe) were higher in 2008 than in 2007.  
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In 2008, treatments did not result in significant differences in fruit nutrient content as compared 
to untreated controls (Tables 7 and 8). Due to the pooling of fruit harvested in 2007, no statistical 
comparisons of fruit nutrient content were possible between treatments in 2007 (data provided in 
Appendix Tables A1 and A2). However, it appears that fruit K and Ca levels were much higher 
in 2008 than in 2007. 
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Table 5. Longan leaf macronutrient content in 2007 and 2008. 
zThe 2007 data is not available for the girdling treatment applied at late fruit set. 
yProbability value for paired t test comparisons of yearly means with NS as not significant and ***,* as significant 
at P ≤ 0.001 or 0.05, respectively. 
 N (%) P (%) K (%) Ca (%) Mg (%) 
Treatment 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 
Untreated  
Control 
2.0 1.9 0.1 0.2 0.5 0.5 3.2 3.5 0.3 0.2 
Girdle 
early fruit set 
2.1 1.9 0.1 0.2 0.5 0.7 3.0 3.0 0.2 0.2 
Girdle            
late fruit set 
-
z
 1.8 - 0.2 - 0.6 - 3.3 - 0.2 
NAA (20 ppm)  
early fruit set 
2.0 2.0 0.2 0.2 0.5 0.6 2.5 3.3 0.2 0.2 
NAA (60 ppm)  
early fruit set 
2.1 1.8 0.2 0.2 0.5 0.6 2.9 3.4 0.2 0.2 
NAA (100 ppm)  
early fruit set 
2.0 2.0 0.2 0.2 0.5 0.6 3.2 3.4 0.2 0.2 
NAA (20 ppm)  
late fruit set 
2.1 1.9 0.2 0.2 0.6 0.5 2.8 3.4 0.2 0.2 
NAA (60 ppm)  
late fruit set 
2.0 2.0 0.2 0.2 0.4 0.6 3.3 3.1 0.3 0.2 
NAA (100 ppm)  
late fruit set 
1.9 2.0 0.1 0.2 0.4 0.6 3.3 3.4 0.3 0.2 
2,4-D (5 ppm) 
early fruit set 
1.9 1.9 0.2 0.2 0.5 0.6 3.1 3.7 0.2 0.3 
2,4-D (25 ppm)  
early fruit set 
1.9 2.1 0.2 0.2 0.4 0.6 2.9 3.4 0.2 0.2 
2,4-D (45 ppm)  
early fruit set 
1.8 1.5 0.1 0.2 0.5 0.0 3.0 3.3 0.2 0.2 
2,4-D (5 ppm)  
late fruit set 
2.0 1.9 0.2 0.2 0.5 0.6 3.1 3.5 0.2 0.3 
2,4-D (25 ppm)  
late fruit set 
1.9 1.8 0.1 0.2 0.4 0.5 3.2 4.1 0.2 0.3 
2,4-D (45 ppm)  
late fruit set 
2.0 1.8 0.2 0.2 0.5 0.4 3.1 3.9 0.2 0.3 
Py * *** *** *** NS 
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Table 6. Longan leaf micronutrient content in 2007 and 2008.  
zThe 2007 data is not available for the girdling treatment applied at late fruit set. 
yProbability value for paired t test comparisons of yearly means with NS as not significant and *** as significant at 
P ≤ 0.001. 
 Zn (ppm) Mn (ppm) Fe (ppm) Cu (ppm) B (ppm) 
Treatment 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 
Untreated  
Control 
10.8 13.4 41.4 45.2 88.8 128.0 2.8 4.4 184.0 220.8 
Girdle 
early fruit set 
10.6 13.2 40.0 37.0 75.4 107.6 3.4 4.4 176.2 187.4 
Girdle            
late fruit set 
-
z
 13.4 - 36.2 - 118.8 - 3.4 - 209.2 
NAA (20 ppm)  
early fruit set 
12.2 16.2 37.0 40.4 80.0 111.2 3.8 4.4 162.4 182.2 
NAA (60 ppm)  
early fruit set 
12.2 17.0 43.6 38.0 98.4 127.6 3.4 5.2 180.6 202.2 
NAA (100 ppm)  
early fruit set 
13.4 16.2 40.8 40.8 81.0 106.0 3.8 4.8 185.2 183.0 
NAA (20 ppm)  
late fruit set 
12.2 13.8 36.8 44.4 69.8 110.4 3.6 3.8 176.0 221.0 
NAA (60 ppm)  
late fruit set 
10.4 14.8 46.6 38.8 79.4 127.6 3.6 4.6 180.2 179.0 
NAA (100 ppm)  
late fruit set 
9.4 14.8 43.2 40.4 80.4 121.4 2.8 4.0 188.0 200.6 
2,4-D (5 ppm) 
early fruit set 
12.2 15.4 38.0 43.2 84.0 122.2 2.8 4.8 177.8 216.0 
2,4-D (25 ppm)  
early fruit set 
10.8 16.0 39.6 39.8 79.8 118.6 3.4 4.4 185.2 205.0 
2,4-D (45 ppm)  
early fruit set 
12.4 13.8 36.8 35.2 66.0 112.4 3.4 4.4 170.8 178.0 
2,4-D (5 ppm)  
late fruit set 
10.4 14.0 42.2 44.6 71.6 142.8 2.8 4.0 172.6 220.8 
2,4-D (25 ppm)  
late fruit set 
10.8 12.0 35.6 53.0 80.4 132.2 2.6 4.0 185.4 246.0 
2,4-D (45 ppm)  
late fruit set 
12.4 12.6 41.4 43.6 92.2 131.4 3.4 4.0 187.8 241.0 
Py *** NS *** *** *** 
29 
 
Table 7. Longan fruit macronutrient content in 2008. 
Treatment   N (mg·100g-1)         P (mg·100g-1) K (mg·100g-1)          Ca (mg·100g-1) Mg (mg·100g-1) 
Untreated       
Control 
1046.7 168.3 1106.7 688.7 91.7 
Girdle            
early fruit set        
956.7 162.0 1043.3 635.3 85.3 
Girdle             
late fruit set 
1080.0 165.3 921.7 820.3 96.3 
NAA (20ppm) 
early fruit Sset  
1020.8 174.1 1071.2 548.7 87.0 
NAA (60ppm) 
early fruit set  
1220.0 179.3 1136.7 730.0 97.3 
NAA (100ppm) 
early fruit set 
1055.1 157.8 1022.2 681.4 85.1 
NAA (20ppm) 
late fruit set 
937.2 155.7 981.3 592.9 82.0 
NAA (60ppm) 
late fruit set 
1060.0 159.7 974.3 693.0 91.7 
NAA (100ppm) 
late fruit set 
1073.3 157.3 937.0 775.0 94.7 
2,4-D (5ppm) 
early fruit set  
937.4 196.0 1319.4 936.3 109.5 
2,4-D (25ppm) 
early fruit set 
1093.3 175.0 1079.3 691.3 95.0 
2,4-D (45ppm) 
early fruit set  
1183.1 176.2 1201.4 694.6 96.4 
2,4-D (5ppm)  
late fruit set 
1146.7 173.3 1078.0 593.3 87.7 
2,4-D (25ppm) 
late fruit set 
1070.0 170.7 1126.7 572.7 85.3 
2,4-D (45ppm) 
late fruit set 
1153.3 177.0 1035.0 662.7 87.3 
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Table 8. Longan fruit micronutrient content in 2008. 
Treatment          Zn (ppm)               Mn (ppm)          Fe (ppm)              Cu (ppm)           B (ppm) 
Untreated 
Control 
1.1 1.0 2.8 0.8 3.3 
Girdle 
early fruit set 
1.0 0.7 2.6 0.9 2.6 
Girdle 
late fruit set 
1.1 1.0 3.1 1.1 3.1 
NAA (20ppm) 
early fruit set  
1.4 0.9 3.2 0.8 3.3 
NAA (60ppm) 
early fruit set  
1.2 0.9 4.1 0.6 3.5 
NAA (100ppm) 
early fruit set 
1.0 0.8 3.1 1.1 3.5 
NAA (20ppm) 
late fruit set 
1.0 0.8 3.9 0.8 3.2 
NAA (60ppm) 
late fruit set 
1.1 0.9 3.1 0.7 3.0 
NAA (100ppm 
late fruit set 
1.0 0.9 3.2 0.7 3.0 
2,4-D (5ppm)  
early fruit set  
1.2 0.9 4.0 0.8 3.5 
2,4-D (25ppm) 
early fruit set 
1.2 0.9 6.3 0.7 3.4 
2,4-D (45ppm) 
early fruit set  
1.2 1.0 4.2 1.0 3.4 
2,4-D (5ppm) 
late fruit set 
1.2 0.8 3.0 0.7 3.6 
2,4-D (25ppm) 
late fruit set 
1.1 0.8 3.1 0.9 3.2 
2,4-D (45ppm) 
late fruit set 
1.2 0.9 3.4 0.8 3.1 
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Discussion 
The PGR spray regime of 25 ppm 2,4-D applied at late fruit set resulted in a significant increase 
in the mass and number of longan fruit per inflorescence without a concomitant decrease in 
individual fruit mass and diameter in the on-crop year. Late fruit set 25 ppm 2,4-D was one of 
the only treatments, including the untreated control, to result in a numerically higher number and 
mass of longan fruit per inflorescence without a decrease in individual fruit mass and diameter 
during the off-crop year, suggesting that this treatment might also help to mitigate alternate 
bearing. These results are consistent with those reported by previous researchers who found that 
low levels of synthetic auxins applied during fruit set increase litchi yields (Prasad and Jauhari, 
1963; Hoda et al., 1973; Huang, 2002). The results reported herein are the first to demonstrate 
the effectiveness of this horticultural technique with longan. 
 
Treatment effectiveness appears to have been the result of increasing the number of fruit that 
survive from fruit set. Several PGR treatments applied at early or late fruit set improved fruit 
retention during early and/or late fruit set; this corresponds to the second wave of fruit 
abscission, when fruit that are fertilized often drop (Stern et al., 1995; Stern and Gazit, 1997; 
Stern and Gazit, 1999). Few fruit abscised after this period, suggesting that if fruit are maintained 
during early and late fruit set by PGR sprays such as 2,4-D, they are highly likely to be retained 
through the season.  
 
The results of longan pruning studies suggest that there is an inverse relationship between fruit 
number and fruit size (Wang et al., 2003); as the number of fruit increases, fruit size typically 
decreases. In the study reported herein, 25 ppm 2,4-D applied at late fruit set increased fruit 
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number and size as measured by both mass and width, as compared to the untreated control. This 
suggests that this PGR regime provides a method for substantial production increases. 
Additionally, the trees appear to be capable of sustained yield increases, as yields were not 
depressed when the same trees were treated with 25 ppm 2,4-D at late fruit set during the 
following off-crop year. 
 
Further, multi-year studies would be required before such treatments could be implemented on a 
commercial scale. The treatments tested have the potential to be implemented commercially, as 
the PGR compounds and method of girdling tested are both used commercially on other fruit tree 
crops. Other treatments tested in this study should also be researched further, as no deleterious 
effects on reproductive and vegetative growth were detected in response to any PGR or girdling 
regimes tested. Successful treatments should be tested at multiple locations, thus adding to the 
body of work required for the addition of longans to commercial PGR labels. 
 
The limited effectiveness of girdling to increase fruit set was surprising, given its successful 
commercial use on many fruit and vine crops (reviewed by Goren et al., 2004). Experimental 
uses of girdling have also been reported to increase fruit set on subtropical fruit tree crops, 
including mango (Nuñez-Elisea et al., 1996), macadamia (Trueman and Turnbull, 1994), and 
avocado (Garner, 2004). In the study described herein, girdling at early fruit set resulted in an 
approximately 50% increase in the number of fruit per inflorescence in an on-crop year but was 
one of the few treatments that resulted in a numerically lower number of fruit and fruit mass per 
inflorescence in an off-crop year. Further testing of this technique is warranted. 
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Techniques such as PGR sprays are often employed to decrease excessive litchi fruit abscission. 
In contrast, longans are described as having lower fruit abscission rates than litchis (Stern, 2005) 
and cultural methods are, therefore, rarely employed to increase longan fruit set. However, there 
is a need to increase longan fruit set in California because the climate appears not to be ideal for 
this crop. Longans are native to warm, humid, subtropical areas and grow in forests, thus limiting 
tree exposure to wind. Yields and fruit sizes reported herein were smaller than those reported for 
subtropical growing regions, such as Australia (Winston et al., 1993) and Thailand (Huang et al., 
2005). This study demonstrated that weather-induced stress substantially decreases longan 
yields. Santa Ana winds were associated with distinct periods of fruit drop during a period of 
development not typically characterized by physiological abscission of longan fruit. That fruit 
loss was a result of wind damage was consistent with coinciding reports by regional growers that 
fruit drop occurred as a result of high winds in autumn of 2007 (California Farm Bureau 
Federation, 2007) and 2008 (USDA, 2008c). Specifically, one grower in Camarillo reported “a 
significant amount of fruit drop” from lemon and avocado trees due to Santa Ana winds 
(California Farm Bureau Federation, 2007). These winds are common during autumn and winter 
in southern California (Fovel, 2007) and will, therefore, be a consistent, limiting factor to longan 
production in California. Until now, minimal evidence has been reported regarding the 
susceptibility of longans to wind, except to describe them as less susceptible to wind than litchis 
(Menzel et al., 2005).  
 
Tree height and vigor appeared to be inversely proportional to distance from the Eucalyptus 
windbreak (Fig. 1). Windbreaks are often used to decrease wind velocity but can also have other 
effects on orchard climate, including reducing air and soil temperature and water content (Ujah 
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and Adeoye, 1984). Eucalyptus windbreaks have been shown to decrease millet (Pennisetum 
typhoides Burm.) yields (Onyewotu et al., 1994). The authors demonstrated that the primary 
factor limiting millet yields was reduced nutrient and water availability due to the growth of 
Eucalyptus roots into the field. In the study reported herein, vegetative and reproductive growth 
of longan trees was noticeably reduced near the Eucalyptus windbreak. One possible reason for 
the longan trees’ reduced vegetative and reproductive growth was their proximity to Eucalyptus 
trees. This suggests that even though protection from wind damage will be necessary for 
successful longan production, Eucalyptus is unlikely to be an appropriate windbreak species. 
Weather stations should be installed in longan orchards to ensure that windbreaks reduce wind 
speeds effectively and sufficiently. Proper windbreaks are also necessary to determine the extent 
to which high temperatures associated with October Santa Ana winds contribute to late season 
drop. 
 
Another factor possibly influencing fruit set was inflorescence type. The majority of the 
inflorescences were determinate. Though only determinate inflorescences are described in 
previous longan literature, indeterminate inflorescences were observed on the study trees during 
both years. Fruit set of indeterminate inflorescences of fruit trees often differs from that of 
determinate inflorescences because new vegetative growth is developing concurrent with early 
fruit set (Garner, 2004). 
 
Optimal leaf nutrient concentrations for longan have been determined in several published 
studies but the phenological stage at which leaves were collected and number of macro- and 
micronutrients varied between studies (reviewed in Menzel, 2005). In the current study, leaf 
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nutrient analyses indicated that P and Mg were within suggested optimal ranges for leaves 
sampled 1 month before early fruit set. Nitrogen, Ca, and B concentrations in the leaves were 
higher than optimal in both years, whereas, K, Zn, Mn, and Fe were below optimal. Currently, 
optimal Cu leaf concentrations for longan are not described in the literature, though Cu 
concentrations reported herein were only slightly below the minimal optimum of 10 to 25 ppm 
reported for litchi (Huang et al., 1998; Menzel et al., 1992). Only two of the nutrients, Mn and B, 
had measured concentrations grossly outside of reported optimal ranges. In 2007 and 2008, Mn 
concentrations in the leaves were five times lower than optima reported by Chen (1997) for 
longan leaves collected before flowering, the same stage of development at which collections 
were made in this study. However, leaf Mn concentrations were within the optimal ranges 
described by Zhuang et al. (1995) for leaves sampled before flower initiation. Concentrations of 
B were higher than all reported optima by an order of magnitude. The leaf B concentrations 
reported herein are considered superoptimal for “normal plants” (Troeh and Thompson, 2005) 
and might be the result of high B soil levels (not measured) common to arid regions of California 
(Troeh and Thompson, 2005). Soil modification could be necessary for successful growth of 
longan in these regions. 
 
Until now, there was limited published information regarding the nutrient content of longan fruit. 
Previous reports of longan fruit nutrient content included only a limited number of nutrients The 
fruit nutrient concentrations reported herein are consistent with those reported for longan fruit 
nutrient concentrations of P and Fe (Deng et al., 1999 and University of Florida, 2009) and K 
(University of Florida, 2009). This information will be important for marketing this fruit to new 
consumers.  
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Conclusion 
Applications of 25 ppm 2,4-D at late fruit set limited fruit abscission during fruit set, increased 
fruit number and size at harvest during the on-crop year, and appeared to limit alternate bearing. 
Therefore, this treatment has potential for commercial application in California as a horticultural 
method to improve fruit retention and final yield. Further studies to determine methods to 
decrease fruit drop in areas prone to high winds will also be required for successful production in 
most California growing regions. This study appears to be one of the first comprehensive reports 
available regarding longan fruit nutrient content, especially for fruit grown in California. This 
study adds to the body of knowledge regarding the nutrient content of longan leaves and fruit; 
this data will be required for the development of successful fertilization regimes for this crop in 
California. Additional research is recommended for all the PGR and girdling treatments tested in 
this study in order to assess potential economic viability, environmental impacts, and long-term 
effects on tree productivity and health. 
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Appendix A: 2007 Fruit Nutrient Content 
Table A1. Fruit macronutrient content at 2007 harvest. 
Treatment N (mg·100g-1)       P (mg·100g-1) K (mg·100g-1)       Ca (mg·100g-1) Mg (mg·100g-1) 
Untreated       
Control 
1248 175.0 677.4 419.4 81.4 
Girdle   
1158 166.4 663.2 433.2 82.6 
NAA  
1174 170.8 654.6 445.2 81.2 
2,4-D 
1340 185.0 772.2 386.0 86.6 
 
 
 
Table A2. Fruit micronutrient content at 2007 harvest. 
Treatment         Zn (ppm)                      Mn (ppm) Fe (ppm)                   Cu (ppm) B (ppm) 
Untreated       
Control 
1.10 0.82 2.35 0.44 2.58 
Girdle   
1.12 0.94 2.74 0.52 2.52 
NAA 
1.08 0.88 2.48 0.56 2.63 
2,4-D  
1.20 1.02 3.30 0.56 3.10 
 
